The effect of meat consumption on cardiometabolic risk has been continuously studied, but their associations are not conclusive. The aim of this study is to examine the association between the consumption of meat or red meat and carotid intima-media thickness (IMT) in healthy Korean adults. Methods: This study evaluated 2374 community-dwelling adults (933 men and 1441 women) who were free of cardiovascular disease or cancer, living in a rural area in Korea. Total meat and red meat intakes were assessed with a validated 103 item-food frequency questionnaire. Carotid IMT was evaluated ultrasonographically, IMTmax was defined as the highest value among IMT of bilateral common carotid arteries. Results: After adjustment for potential confounding factors, the mean IMTmax tended to increase in higher meat consumption groups in both men and women with metabolic syndrome (p for trend= 0.027 and 0.049, respectively), but not in participants without metabolic syndrome. Frequent meat consumption ( 5 servings/week) was significantly associated with higher IMTmax in men with metabolic syndrome (by 0.08 mm, p=0.015). Whereas, the association was not significant in women (by 0.05 mm, p=0.115). Similar but attenuated findings were shown with red meat intake. Conclusions: Our findings suggest that a higher meat consumption may be associated with a higher carotid IMT in Korean adults with metabolic syndrome. The frequent meat consumption ( 5 servings/week), compared with the others, was associated with a higher carotid IMTmax only in men with metabolic syndrome. Further research is required to explore optimal meat consumption in people with specific medical conditions.
Meat is a source of protein, vitamins, minerals, and essential fatty acids, but it also contains saturated fatty acids, cholesterol, and iron as well as additives or unintended by-products during preparation [1, 2] . Total meat (hereinafter meat) can be divided into red meat (including beef, veal, and pork), processed meat (including cured and smoked meats; ham, bacon, sausage, hamburgers), and white meat (including chicken) [2] ; their cardiometabolic health effect is still debatable. Most studies suggested that the consumption of red meat or processed meat should be related to an increased risk of cardiovascular diseases [3] [4] [5] [6] , type 2 diabetes [7, 8] , and metabolic syndrome [9, 10] . However, a recent systematic review and meta-analysis including 17 prospective cohorts and 3 case-control studies showed that only processed meat, not red meat, was associated with higher risk of coronary heart disease or diabetes [11] . Since diet is a modifiable lifestyle factor, research concern as well as public interest for its effect on subclinical diseases has continued to grow.
Carotid intima-media thickness (IMT), a non-invasive marker of early arterial wall alteration, is one of the methods to evaluate subclinical atherosclerosis and to predict cardiovascular disease risks [12] [13] [14] . Several studies investigated the relation between certain food(s) or nutrient(s) and carotid IMT [15] [16] [17] [18] [19] [20] [21] [22] , but to date, an association between meat consumption and subclinical atherosclerosis has not been well-established. We therefore examined the consumption of meat and red meat in relation to carotid IMT in Korean men and women.
I. Subjects
This study is a part of a community-based prospective cohort in Kangwha Island, South Korea. A total of 2971 residents aged 40-70 years were enrolled during [2006] [2007] [2008] . Among them, 597 subjects were excluded in the present study due to the following reasons: absence of carotid IMT measurement (315 subjects), implausible dietary consumption such as <500 or >3500 kcal/day in women and < 800 or > 4000 kcal/day in men (54 subjects) [23] or energy intake from fat < 3% (18 subjects), history of cardiovascular diseases such as myocardiac infarction, angina, stroke, and congestive heart failure (144 subjects) or cancers (55 subjects), lack of fasting blood sample (7 subjects), a missing waist circumference (1 subject), and systolic blood pressure (SBP) < 60 mmHg or diastolic blood pressure (DBP) <40 mmHg (3 subjects). Finally, 2374 subjects (933 men and 1441 women) were eligible for this study. All participants provided written informed consents and this study was approved by an Institutional Review Board.
II. Questionnaires
Trained interviewers obtained the information including medical and family history, health behavior, and diet with a standardized questionnaire. In case of self-administered questionnaires, interviewers checked and confirmed missing or irrelevant item(s), if any. Diet was assessed by over a 1-year period with a 103-item semi-quantitative food-frequency questionnaire (FFQ) developed for Korean adults [24] . The frequency of servings was classified into nine categories: never or seldom, once a month, 2-3 times / month, 1-2 times / week, 3-4 times / week, 5-6 times / week, once a day, twice a day, or 3 or more times/day.
III. Definition of Metabolic Syndrome
The metabolic syndrome, according to the guidelines from the National Cholesterol Education Program Adult Treatment Panel III adjusted for Asians, was defined as the presence of three or more of the following five criteria: waist circumference >90 cm in men and >80 cm in women; triglycerides 150 mg/dL or on drug treatment for elevated triglycerides; high-density lipoprotein (HDL)-cholesterol < 40 mg/dL in men and < 50 mg/dL in women or on drug treatment for reduced HDL-cholesterol; SBP 130 mmHg or DBP 85 mmHg or on hypertensive drug treatment in a patient with a history of hypertension; fasting glucose 100 mg/dl or on drug treatment for elevated glucose [25] . Anthropometric measurement was performed according to the predefined protocol. Waist circumference was measured in a horizontal plane, midway between the inferior margin of the ribs and the superior border of the iliac crest using a tape measure (SECA-200, SECA, Hamburg, Germany). Resting blood pressure was measured twice with at least 5 minute intervals by an automatic sphygmomanometer (Dinamap 1846 SX/P; GE Healthcare, Waukesha, Wisconsin, USA). If the difference between the first and second measurements was more than 10 mmHg, a repeated measurement was done. The average of the last two measurements was used for analyses. Blood samples were collected from the antecubital vein after at least an 8-hour fast. Enzymatic methods were applied to measure fasting plasma glucose, triglycerides, total cholesterol, and HDL-cholesterol (ADVIA 1650, Siemens Healthcare Diagnostics Inc., Deerfield, Illinois, USA).
IV. Measurement of Carotid Intima-media Thickness
Both right and left common carotid arteries were evaluated with high-resolution B-mode ultrasonography (SSAD-3500SV, Aloka, Tokyo, Japan) using a 7.5 MHz linear array transducer. During the evaluation, subjects were lying in the supine position and with their head turned 45 contralateral to the side of scanning. Frozen photocopies of the end-diastolic phase were taken when the inner echoes of both near and far walls were clearly visible. Carotid IMT was measured the perpendicular distance between the leading edge of the first and second echogenic lines at the far wall of the both common carotid arteries [26] using a relevant software (IntimaScope; MediaCross, Tokyo, Japan). As an outcome variable, IMTmax was defined as the highest value among IMT of the right and left common carotid arteries.
V. Statistical Analyses
In the present study, the meat consumption was considered as the frequency of meat consumption. Previous studies showed that most of the variance in food intake was explained by the frequency of use, and portion sizes were positively correlated with the frequency of use [23] . Biochemical, lifestyle, and dietary factors were shown according to the categorized frequency of meat consumption; < 1.0, 1.0-2.9, 3.0-4.9, and 5.0 servings/week. Differences in variables across the categorized groups were accessed with a trend test for continuous variables or chi-square test for categorical variables. For all analyses, subjects were stratified into men and women because meat consumption was significantly higher in men compared with that in women. Further, previous research suggested that meat consumption was possibly associated with metabolic syndrome [9, 10] , we therefore stratified participants according to the presence of metabolic syndrome. The series of analysis of covariance (ANCOVA) were performed to calculate adjusted means and 95% confidence intervals of IMTmax across the categories of meat and red meat consumption and their linear trends. To investigate difference of the adjusted mean IMTmax in each meat consumption group, Tukey s method for multiple comparisons was hired. To control potential confounders, we first adjusted for age and total energy intake. We then additionally adjusted for waist circumference, SBP, DBP, fasting plasma glucose (log transformed), triglycerides (log transformed), HDLcholesterol, current drinking, current smoking (only for men), and menopause (only for women) in multivariateadjusted model. Intakes of fruits and green leafy vegetables (servings/week) were further adjusted due to their possible protective effect for subclinical atherosclerosis or cardiovascular disease [20, 21] . To evaluate the risk of carotid atherosclerosis, multiple logistic regression analyses were performed. IMTmax, a dependent variable, was dichotomized using the top quartile as the cut-off point. Multiple confounders adjusted for the ANCOVA models were also applied for logistic regression models. A p value less than 5% was considered significant. All of the statistical analyses were performed with the SAS version 9.1.3 (SAS Institute, Cary, NC, USA).
The characteristics of the study participants are summarized in Table 1 according to the frequency of meat consumption. Among the 933 men and 1441 women, a higher consumption of meat was significantly related to younger age, a higher proportion of current drinker, a higher intake of total calories, calories from protein and fat, and intakes of fruits and green leafy vegetables. Men who consumed more meat tended to have a higher body mass index, waist circumference, fasting plasma glucose, and total cholesterol, and they also tended to do exercise regularly. In contrast, women with a high consumption of meat tended to have a lower SBP.
In this study population, the median consumption of meat was significantly different between participants with and without metabolic syndrome, but the absolute difference was small; the median meat consumption (servings/week) was 2.3 in men without metabolic syndrome, 2.6 in men with metabolic syndrome, 1.5 in women without metabolic syndrome, and 1.3 in women with metabolic syndrome. To explore a relation between meat consumption and carotid atherosclerosis, a series of ANCOVA were performed separately in men and women with or without metabolic syndrome (Table 2) . Among men and women with metabolic syndrome, after adjusted for age and total energy intake, the mean IMTmax in group with higher meat consumption tended to increase, but their trends were not statistically significant (p=0.125 in men and p=0.072 in women). In multivariate-adjusted models, the mean IMTmax tended to increase in higher meat consumption groups in both men and women (p for trend= 0.027 in men and 0.049 in women). However, the adjusted mean IMTmax in each group was not significantly different in both men and women. When the frequency of meat consumption was dichotomized ( 5 versus < 5 servings/week), in men with metabolic syndrome, the adjusted mean IMTmax in the frequent meat consumption group ( 5 servings/ week) was significantly higher than those in the others (< 5 servings / week); p = 0.025 in age-and total energyadjusted model, 0.015 in multivariate-adjusted model. However, in women with metabolic syndrome, the adjusted mean IMTmax in the frequent meat consumption group was not significantly different, compared with that in the others (p = 0.118 in age-and total energy-adjusted model, p = 0.115 in multivariateadjusted model). Among participants without metabolic syndrome, no significant relation between meat consumption and IMTmax was observed in either men or women. In men, interaction between frequent meat consumption ( 5 servings/week) and metabolic syndrome on IMTmax was significant in both models; p =0.047 in age-and total energy-adjusted model, p=0.030 for multivariate-adjusted model. In women, however, the corresponding interaction was not significant in either model; p=0.492 in age-and total energy-adjusted model, p=0.525 for multivariate-adjusted model (these data are not shown in table).
Similar but attenuated findings were shown with red Data are expressed as the adjusted mean (95% confidence interval), IMT: intima-media thickness. * Multivariate-adjusted: adjusted for age, total energy intake, waist circumference, systolic blood pressure, diastolic blood pressure, triglycerides (log transformed), high density lipoprotein cholesterol, fasting plasma glucose (log transformed), regular exercise, current drinker, current smoker (men), and menopause (women). p value: a statistical significance in difference of the adjusted mean carotid IMT between groups with meat or red consumption 5 servings/week compared with <5 servings/week. meat consumption; the positive association between red meat consumption and the adjusted IMTmax was statistically significant in men with metabolic syndrome in multivariate-adjusted model (p for trend = 0.047), but not in age-and total energy-adjusted model (p for trend=0.185). In women, there was no significant association between red meat consumption and adjusted IMTmax. In men with metabolic syndrome, the adjusted mean IMTmax in the frequent meat consumption group ( 5 servings/week) was higher than that in the others, only in multivariate-adjusted model (p = 0.045). In men without metabolic syndrome and women, such finding was not shown.
To evaluate the risk of carotid atherosclerosis, the top quartile of IMTmax in men ( 1.02 mm) and women ( 0.95 mm) were used as cut-off values for dichotomous outcome variables in logistic regression models (Table  3 ). In men with or without metabolic syndrome and women with metabolic syndrome, the trends of the risk of carotid atherosclerosis according to meat consumption were not significant in both age-and total energy-adjusted and multivariate-adjusted models. Meanwhile, in women without metabolic syndrome, significantly positive trends of the risk of carotid atherosclerosis according to meat consumption were shown in both models. However their risk of carotid atherosclerosis for the frequent meat consumption ( 5 servings/week) compared with the others (< 5 servings/ Data are expressed as the adjusted odds ratio (95% confidence interval). * The risk of carotid atherosclerosis was defined as the sex-specific top quartile of carotid intima-media thickness values.
Multivariate-adjusted: adjusted for age, total energy intake, waist circumference, systolic blood pressure, diastolic blood pressure, triglycerides (log transformed), high density lipoprotein cholesterol, fasting plasma glucose (log transformed), regular exercise, current drinker, current smoker (men), and menopause (women).
week) did not significantly increase. There was no significant interaction between the frequent meat consumption and metabolic syndrome on the risk of carotid atherosclerosis either in men or in women.
In addition to the multivariate-adjusted models, we further controlled for intakes of fruits and greens. In this model, compared to results from the multivariateadjusted models, the association between meat consumption and adjusted mean IMTmax was similar in men (p for trend = 0.024), but slightly attenuated in women (p for trend = 0.074) (data are available in Appendix). We performed similar analyses for soyfoods, fish, fruits, and greens to explore their relation to carotid IMT in this population, but we did not observe any significant association.
In the present study, among Korean men and women with metabolic syndrome, participants who consumed more meat or red meat tended to have a higher carotid IMT. However, the risk of carotid atherosclerosis, defined as the sex-specific top quartile of IMTmax, was not significantly increased in higher meat consumption groups regardless of metabolic syndrome. Processed meat and poultry consumption associated with carotid IMT could not be properly analyzed because consumption of those meats was too low in this study population; the median consumption of processed meat and poultry were 0.0 and 0.2 servings/week, respectively.
Although previous studies have investigated a health effect of meat or red meat consumption in relation to cardiovascular disease, type 2 diabetes, or metabolic syndrome, its health effects are still inconclusive [1, [3] [4] [5] [6] [7] [8] [9] [10] [11] . Little evidence is available regarding the relation between meat consumption and subclinical atherosclerosis. Only a few studies explored the association between dietary patterns or saturated fat and carotid IMT. A French cohort study with 1026 middle-aged participants suggested that a nutritionally poor dietary pattern with a high meat and alcohol and low micronutrient intake was related to increased arterial stiffness but not carotid IMT [27] . In a multi-center observational study in the US with 802 adults reported that a pro-inflammatory and pro-thrombotic dietary pattern characterized by higher intakes of low-fiber bread and cereal, red and processed meat, cottage cheese, tomato foods, regular soft drinks, and sweetened beverages and lower intakes of wine, rice and pasta, meal replacements, and poultry increased the rate of coronary artery atherosclerosis progression [28] . As a result of a cross-sectional study with 620 multiethnic population in Canada, saturated fat and trans fat were associated with an increased IMT [16] . However, analyses of dietary pattern or nutrients could not provide evidence of independent effects of meat or other subtypes of meat consumption on carotid atherosclerosis.
The reasons are unknown as to why meat consumption may be differently related to a higher carotid IMT according to the presence of metabolic syndrome. Negative health effects related to meat or red meat are possibly derived by animal protein, saturated fat, heme iron, or inflammatory mediators. In the past, studies to explore harmful effects of meat intake have focused on animal protein or saturated fat [29, 30] . However, recent evidence does not support their significant cardiometabolic risk [1, 31, 32] . Meanwhile, heme iron from meat intake is regarded as a strong prooxidant [33] . High levels of circulating ferritin, a marker of body iron stores, are suggested to be a possible predictor of carotid atherosclerosis progression [34] , cardiovascular disease [35] , as well as metabolic syndrome [36] . In addition, many studies supported that systematic inflammatory mediators such as plasma Creactive protein, plasminogen activator inhibitor-1, and homocysteine might play an important role in developing metabolic syndrome and atherosclerosis [5, [37] [38] [39] . Considering that oxidative stress or systematic inflammation from meat intake is commonly related to metabolic syndrome and atherosclerosis, carotid atherosclerosis might more prominently progress due to meat consumption in a high risk group such as people with metabolic syndrome. Further research is required to explore a causal relationship between meat consumption and carotid atherosclerosis, especially in population with special medical conditions such as metabolic syndrome.
This study has several limitations to be discussed. First, due to the cross-sectional study design, a causality of the study result could not be established. Second, the participants of this study were a relatively healthy population who were free of cardiovascular disease or cancer. Thus, a variance of carotid IMT might not be large enough to disregard measurement error. We employed both IMTmax (the highest value among IMT from bilateral common carotid arteries) and IMTmean (the mean of the averaged IMT of right and left common carotid arteries). However, IMTmean was not significantly associated with meat consumption (data were not shown). Third, Kangwha Island is characterized as a small town with rural villages, so the diet in this area may not represent that in other areas in Korea. Forth, meat or red meat consumption was estimated by a validated FFQ, but measurement error especially from random within-person variation was possibly present [23] . Also, quantitative meat intake could not be additionally analyzed because of limited data availability. Last, although we used statistical methods to eliminate confounding factors of meat consumption in relation to carotid atherosclerosis, residual confounding beyond the considered confounders may alter the association.
In conclusion, we observed that a higher meat consumption was associated with a higher carotid IMT in Korean men and women with metabolic syndrome. The frequent meat consumption ( 5 servings / week), compared with the others, was associated with a higher carotid IMTmax only in men with metabolic syndrome. However, the frequent meat consumption was not significantly related to the increased risk of carotid atherosclerosis regardless of metabolic syndrome. Similar but attenuated findings were shown with red meat consumption. A causal relationship between meat consumption and cardiometabolic diseases including carotid atherosclerosis remains still unclear. Since diet is an important modifiable lifestyle risk factor of atherosclerotic cardiovascular disease, optimal meat consumption in people with specific medical conditions should be further investigated. Data are expressed as the adjusted mean (95% confidence interval) or as the adjusted odds ratio (95% confidence interval). * The risk of carotid atherosclerosis was defined as the sex-specific top quartile of carotid intima-media thickness values.
Further-adjusted: adjusted for age, total energy intake, waist circumference, systolic blood pressure, diastolic blood pressure, triglycerides (log transformed), high density lipoprotein cholesterol, fasting plasma glucose (log transformed), regular exercise, current drinker, current smoker (men), menopause (women), and frequency of fruits and green leafy vegetables consumption. p value: a statistical significance in difference of the adjusted mean carotid IMT between groups with meat or red meat consumption 5 servings/week compared with < 5 servings/week.
